Sarcomas of the prostate are rare tumours. Their clinicopathologic features are well described, however, the imaging features of these tumours have rarely been documented. The purpose of this article is to illustrate the imaging findings of prostate sarcomas, with an emphasis on their appearance on magnetic resonance imaging and to identify features that may help to differentiate them from the commoner prostate adenocarcinomas.
Introduction
Sarcomas of the prostate are rare tumours, accounting for 0.10.2% of all primary prostatic neoplasms [1, 2] . Rhabdomyosarcomas are the most common form, accounting for 42% of prostate sarcomas and occur primarily in children and adolescents [3, 4] . Leiomyosarcomas represent 25% of all prostate sarcomas and are more likely to occur in older men [2, 5] . Other subtypes are rarer. Prostate sarcomas are predominantly mesenchymal in origin but, less commonly, they may also arise from stromal components of the prostate gland.
The imaging features of these tumours have rarely been documented in the literature and have appeared mainly as case reports. Imaging, however, has an important role in the management of patients with prostate sarcomas. A lack of awareness of the imaging appearances may hinder the diagnosis and care of these patients. To our knowledge, this is the largest reported series of the magnetic resonance (MR) imaging appearances of prostate sarcomas.
In this review, the imaging appearances of prostate sarcomas are described, based on a retrospective review of the imaging findings in 13 patients with prostate sarcoma at our institution, which is a tertiary referral centre for cancer care. For each tumour, the pattern of growth and metastatic spread and the MR imaging, computed tomography (CT) and fluorodeoxyglucose (FDG)-positron emission tomography (PET)/CT appearances were assessed when available. The histologic classification of these 13 cases of prostate sarcoma was 5 rhabdomyosarcomas (of which 3 were of the embryonal subtype and 2 were alveolar subtypes), 4 leiomyosarcomas, 1 stromal sarcoma, 1 malignant peripheral nerve sheath tumour (MPNST), 1 spindle cell sarcoma and 1 postradiationinduced sarcoma not otherwise specified.
Clinical findings
Prostate sarcomas are typically rapidly growing and aggressive tumours. They present with local symptoms of their effect on adjacent structures, urinary dysfunction being the commonest symptom at presentation. Other symptoms include tenesmus, pain and haematuria from invasion of the bladder floor and urethra. Clinically, no reliable tumour markers for prostate sarcoma have been identified [6] . The serum prostate-specific antigen (PSA) value is usually normal and this is not surprising considering the non-epithelial origin of these tumours [5, 7] . This feature is a helpful aid in distinguishing prostate sarcoma from carcinoma. Also, rhabdomyosarcomas, the commonest form of prostate sarcoma, occur primarily in children and young adults, compared with prostate adenocarcinomas, which occur in older men.
The clinical findings from our study are summarized in Table 1 .
Growth pattern
Prostate sarcomas are usually large at presentation; the mean size in this study was 7.9 cm. Because of their large size at the time of diagnosis, distinguishing on imaging between sarcomas arising from the prostate and those arising from the bladder base may be difficult. The tumour shape varies from round/lobulated and welldefined masses to irregular and ill-defined lesions. Tumour shape alone is not a reliable predictor of the histologic subtype of prostate sarcomas, with well-defined and irregular masses seen in both embryonal rhabdomyosarcomas and leiomyosarcomas. However, both cases of alveolar rhabdomyosarcoma in this study appeared as irregular ill-defined masses (Fig. 1 ). This may reflect the more aggressive nature of alveolar rhabdomyosarcomas and it is important to identify these rare cases of alveolar rhabdomyosarcoma involving the prostate because this histologic subtype is unfavourable and necessitates more aggressive chemotherapy [1] . Also, all of the rarer prostate sarcomas (MPNST, stromal, spindle cell and postradiation-induced sarcomas) appeared as round/lobulated well-defined masses.
Most of the prostate sarcomas in our study occupied most of or the entire prostate, with loss of the normal zonal anatomy as seen on MR imaging. However, in 5 of the 13 cases, MR imaging showed that the tumours were likely to arise from the central gland, with compression of a recognizable peripheral zone. This imaging feature could be helpful in differentiating sarcomas from prostate adenocarcinoma, which more often arises from the peripheral zone. Extracapsular extension of tumour was also seen in all cases of prostate sarcomas; this feature reportedly occurs in only about 35% of prostate adenocarcinomas [8] . As a result, tumour invasion of adjacent structures is common, occurring in 10 of the 13 cases in this study, with the seminal vesicles being the most commonly involved structure (n ¼ 8), followed by bladder (n ¼ 6), rectum (n ¼ 2) and ureter (n ¼ 1). Despite their locally aggressive features, prostate sarcomas can also exert a significant mass effect on adjacent structures such as the bladder and rectum (Fig. 2) . The presence of displacement of adjacent organs, as opposed to solely direct invasion, is not a feature associated with prostate adenocarcinoma, which extends by infiltrating its adjacent tissues.
The growth pattern for each prostate sarcoma from our study is summarized in Table 2 .
MR characteristics
Due to its high soft tissue contrast resolution, MR imaging is the modality of choice for assessing the primary site of disease. It helps to determine the site of origin of the tumour, its local extent, tissue characteristics, presence of local adenopathy and aids in planning surgical resection.
The MR signal characteristics of prostate sarcomas documented in this study are similar to those seen in other studies [9, 10] . Most prostate sarcomas appear as homogeneous low signal masses on the T1-weighted images. In the 1 case of MPNST, the lesion was heterogeneous on the T1-weighted sequences, containing areas of high, intermediate, and low signal in keeping with blood breakdown products (Fig. 3) . On the T2-weighted sequences, prostate sarcomas invariably appear as heterogeneous masses with areas of intermediate and high T2 signal. Necrosis and cystic change in these tumours is common, because of their high malignancy and rapid growth [5, 9] . Homogeneous T2 low signal was only seen in 1 case of leiomyosarcoma in this study. This is likely to be due to the fact that this was the smallest lesion in the study, measuring only 2.9 cm.
Prostate sarcomas that present as well-defined masses may demonstrate a well-defined T2 low signal compressible pseudocapsule, which may be complete or incomplete (Fig. 3 ). This imaging feature of prostate sarcomas has also been previously described in the literature and is best seen at the border with the pelvic fat on the superior and posterior aspects of the mass [9, 11, 12] . The pseudocapsule results from the interface formed between tumour that has extended beyond the prostate and the adjacent compressed periprostatic soft tissues. Contrast-enhanced MR imaging was only performed on 1 patient with a leiomyosarcoma in this study; the tumour showed avid peripheral enhancement (Fig. 4) . The lack of central enhancement within this lesion can be explained by the histologic findings, which showed that the central component of the lesion consisted of myxoid and hyalinized material. Other studies showed that prostate sarcomas demonstrate heterogeneous enhancement, reflecting the heterogeneous pathologic appearance of these lesions, which may be solid or of mixed pattern, with areas of cystic change and intratumoral necrosis [9, 13] .
To our knowledge the diffusion-weighted (DW)-MR imaging appearance of prostate sarcomas has not been previously described. The DW-MR appearances of these lesions may vary, reflecting their varied pathologic makeup (Fig. 5) . In 3 of the 4 cases which underwent DW-MR imaging, the tumours demonstrated impeded diffusion, and the signal intensity of the lesions at a b value of 1000 sc/mm 2 was high, with a low apparent diffusion coefficient (ADC) (mean 0.70 Â 10 3 mm 2 /s), in keeping with their cellular composition. In one case of leiomyosarcoma, however, the tumour displayed a low ADC value (0.51 Â 10 3 mm 2 /s), but the b1000 signal intensity of the lesion was also low. Histologic analysis of this lesion demonstrated that it predominantly consisted of a myxoid and hyalinized matrix. The low b1000 signal intensity was probably a consequence of the T2 blackout effect as this lesion was also of very low signal intensity on the T2-weighted images [14] . MR spectroscopy features of prostate sarcomas have been described in a small series [10] . Prostate sarcomas have a marked increase in the ratio of choline/citrate, helping to differentiate them from benign hyperplasia but not from prostate adenocarcinoma, which demonstrates similar features.
The MR signal characteristics of the prostate sarcomas are summarized in Table 3 .
CT characteristics
The CT characteristics of prostate sarcomas are non-specific, with most lesions appearing as large pelvic masses of heterogeneous attenuation with areas of necrosis/ cystic change and heterogeneous enhancement (Fig. 6) . Calcification is not a feature, nor is the presence of macroscopic fat. These CT features are also supported by other studies in the literature [9, 15] . Due to the poorer soft tissue contrast resolution of CT compared with MR, the precise origin of the tumour is often difficult to determine on CT; it is difficult to differentiate between tumours arising from the prostate and those arising from the bladder base. However, CT is useful for assessing the extent of local adenopathy and is the imaging modality of choice for detection of distant metastases.
The CT appearances of prostate sarcomas are summarized in Table 3 .
FDG-PET/CT characteristics
One patient with an embryonal rhabdomyosarcoma underwent pretreatment FDG-PET/CT, which demonstrated heterogeneous increased metabolic activity within the tumour, with a maximum standardized uptake value (SUV max ) of 9.5. The findings are in keeping with other studies that have shown that rhabdomyosarcomas are PET positive and that FDG-PET/CT is a useful adjunct in staging rhabdomyosarcomas [16, 17] . These studies show that the accuracy of TNM staging and in particular M staging of FDG-PET/CT is higher than that of conventional cross-sectional imaging. Although none of the patients with leiomyosarcoma in this study underwent FDG-PET/CT imaging, other studies have shown that leiomyosarcomas are also FDG avid and that the SUV max from FDG-PET is a likely predictor of tumour behaviour [18] .
Metastases
The first site of distant spread in prostate sarcomas is often to the regional lymph nodes, seen in 46% of our cases. As expected, spread occurs first to the pelvic nodes, followed by spread to the retroperitoneal nodes and then less commonly to the mediastinal nodes. Studies have shown that nodal involvement is common in prostatic rhabdomyosarcomas [19, 20] , but is uncommon in prostatic leiomyosarcomas, reportedly occurring in only 10% of cases [21, 22] . This is supported by our findings; all patients with rhabdomyosarcoma had nodal involvement and none of our patients with leiomyosarcoma had nodal spread. This is another feature that could be used to help differentiate between these 2 histologic subtypes on imaging.
Distant metastases were common in our study group, occurring in 69% of cases, 89% of which were present at the time of diagnosis. Metastases were seen in 4 of the 5 patients with rhabdomyosarcoma and in 2 of the 4 patients with leiomyosarcoma. The principal sites of distant organ spread in rhabdomyosarcoma were the lungs followed by bones, and in leiomyosarcoma distant Imaging appearance of sarcomas of the prostate 231 Table 2 Growth pattern for each case of prostate sarcoma
All cases (n Shape and outline 
No nodes A, rounded or lobulated and well-circumscribed tumour; B, irregular and ill-defined tumour.
spread was commonest to the lungs and liver. The same patterns of metastatic spread have been documented in other studies, however, at lower incidences. These have been recorded in 1020% of patients with rhabdomyosarcomas, with metastatic disease most likely found in the lungs or bones [9, 11] . In a review of 54 published cases, Vandoros et al. [23] showed that 24% of patients with leiomyosarcoma had metastases at diagnosis (lung 18%, liver 12% and bone 6%). Bone metastases are frequently osteolytic, as seen in 3 of the 4 cases with bone metastases in our study and are generalized throughout the skeleton. This feature can help differentiate prostate sarcomas from prostate adenocarcinomas, in which metastases are usually osteoblastic and largely confined to the pelvis and vertebrae [24] . In our 1 case of prostate stromal sarcoma, no metastases were seen. As prostate stromal sarcoma is a rare tumour, there are limited data about its prognosis but a few case reports of low-grade stromal sarcomas showed that these tumours normally do not metastasize, but early local invasion and distant metastases are seen in the high-grade counterpart [25] . Figure 3 A 33-year-old man with a MPNST of the prostate. (a) Sagittal T2-weighted MR image shows the tumour as a very heterogeneous mass, with areas of high, intermediate and low T2 signal seen within it, and areas of necrosis/cystic change. The mass is well defined with a T2 low signal intensity pseudocapsule seen along its superior and posterior border (white arrow). (b) Axial T1-weighted MR image shows that the mass is heterogeneous; the tumour is of relatively low T1 signal but contains areas of T1 high signal intensity in keeping with haemorrhage. Figure 4 A 63-year-old man with a prostatic leiomyosarcoma. (a) Axial T2-weighted MR image shows a slightly ill-defined lesion arising from the peripheral zone of the prostate, which is predominantly of homogeneous low T2 signal intensity and shows extension into the transition zone and extracapsular extension. (b) Axial T1-weighted fat-suppressed postcontrast MR image demonstrates avid peripheral enhancement of the tumour with central necrosis.
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The patterns of metastatic spread for the different subtypes of prostate sarcoma are summarized in Table 2 .
Differentiating between the subtypes of prostate sarcoma
Although most prostate sarcomas appear as heterogeneous masses, there are certain MR imaging features that may aid in differentiating the histologic subtypes. Embryonal rhabdomyosarcomas may be well defined and protrude into the bladder lumen and tend to consist of a T2 hyperintense stroma containing sheets of intermediate to low T2 signal intensity tissue (Fig. 2) .These findings are consistent with their gross pathologic appearances; embryonal rhabdomyosarcomas are typically firm, fleshy, lobulated masses, which may have a deceptively benign appearance and contain sheets of both malignant round and spindle cells in a variably myxoid matrix. As previously mentioned, alveolar rhabdomyosarcomas are less well defined and have a more infiltrative pattern due to their more aggressive nature (Fig. 1 ). MPNSTs and leiomyosarcomas appear more heterogeneous compared with embryonal rhabdomyosarcomas (Figs. 3 and 6 ). Pathologic assessment of both these tumours has shown that they have a tendency for necrosis, haemorrhage and cystic degeneration [26] . As previously mentioned, knowledge of the different patterns of nodal and distant organ spread between rhabdomyosarcomas and leiomyosarcomas may aid in the diagnosis. Lymph node involvement is common in rhabdomyosarcomas but is not commonly seen with leiomyosarcomas. Although lung is the primary site for distant spread in both rhabdomyosarcomas and leiomyosarcomas, bone metastases are more common in rhabdomyosarcomas and liver metastases are more common in leiomyosarcomas. Rhabdomyosarcomas are also more common and occur in a younger age group compared with leiomyosarcomas. 3 mm 2 /s but is also of low signal on the b1000 image.
Table 3
Imaging characteristics for each case of prostate sarcoma
All cases (n ¼ 13) 
T1 homogeneity Homogeneous

Differentiating prostate sarcomas from prostate adenocarcinomas
Differentiating between prostate sarcoma and prostate adenocarcinoma is essential because of the differences in their management and prognoses. Patients with prostate sarcoma should be treated in specialist centres with combined modality treatment involving chemotherapy, radiotherapy and surgery, whereas management of patients with prostate adenocarcinoma varies between active surveillance, hormone therapy, chemotherapy, brachytherapy and surgery depending on the grade and stage of disease and can be carried out in most hospitals. The diagnosis should be made before surgery by biopsy and although rare, there is a small risk of seeding along the biopsy tract with tumour cells when performing biopsies of soft tissue sarcomas; however, this is not a concern when biopsying prostate adenocarcinoma [27] . Once the diagnosis of prostate sarcoma has been made, staging should include CT imaging of the chest and liver to look for metastatic spread to these sites.
Several features may aid in differentiating prostate sarcomas from prostate adenocarcinomas, allowing early detection and thus earlier treatment. As previously mentioned, prostate adenocarcinoma is a disease of the elderly, being rare before the age of 50 years, with most cases identified in patients who are asymptomatic but have an increased level of serum PSA. Although some prostate sarcomas, such as leiomyosarcomas, also occur in the elderly, rhabdomyosarcomas, which is the commonest histologic subtype, predominantly occur in children and young adults. Serum PSA levels are not normally increased and patients present with local symptoms such as urinary dysfunction, pain and haematuria. Prostate sarcomas typically present as solitary large pelvic masses, which on MR appear heterogeneous with intermediate and high signal intensity areas seen on the T2-weighted images homogeneous with low signal intensity on T1-weighted imaging. The masses commonly demonstrate areas of necrosis or cystic change and a pseudocapsule may be present. Prostate adenocarcinomas are commonly multifocal, predominantly arising within the peripheral zone of the prostate as ill-defined areas of homogeneously low T1 and T2 signal intensity. Prostate sarcomas invariably extend beyond the prostate and thus local invasion of adjacent structures is common, whereas most prostate adenocarcinomas are organ confined at the time of diagnosis. Although prostate sarcomas can be ill-defined and infiltrative, the presence of a well-defined mass that extends beyond the prostate and displaces rather than invades adjacent structures is very suggestive of prostate sarcoma. This is not a feature associated with prostate adenocarcinoma, which extends by infiltrating its adjacent tissues. The pattern of metastatic spread may also aid in differentiating prostate sarcoma from adenocarcinoma; lung is the commonest site of distant organ spread in prostate sarcoma whereas bone is the commonest site for prostate adenocarcinoma metastases. Osteoblastic metastases occur in prostate adenocarcinoma, whereas bone metastases in sarcomas tend to be osteolytic. Also, liver metastases are rarely seen with prostate adenocarcinoma but are not uncommon with prostate leiomyosarcoma.
Conclusion
Although the imaging appearances of prostate sarcomas vary, they commonly appear as large heterogeneous masses extending beyond the prostate. There are certain imaging features that may help to differentiate between the different histologic subtypes but, more importantly, there are imaging features that can help differentiate prostate sarcoma from adenocarcinoma, thus helping to avoid delays in diagnosis and allowing the appropriate staging investigations to be requested promptly.
